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Abstract 

Leishmaniasis is a disease that ranges in severity from skin lesions to serious disfigurement and fatal systemic 
infection. Resistance to infection is associated with a T-helper-1 immune response that activates macrophages 
to kill the intracellular parasite in a nitric oxide-dependent manner. Conversely, disease progression is generally 
associated with a T-helper-2 response that activates humoral immunity. Current control is based on chemothera- 
peutic treatments which are expensive, toxic and associated with high relapse and resistance rates. Vaccination 
remains the best hope for control of all forms of the disease, and the development of a safe, effective and afford- 
able antileishmanial vaccine is a critical global public-health priority. Extensive evidence from studies in animal 
models indicates that solid protection can be achieved by immunization with defined subunit vaccines or live-at- 
tenuated strains of Leishmania. However, to date, no vaccine is available despite substantial efforts by many labo- 
ratories. Major impediments in Leishmania vaccine development include: lack of adequate funding from national 
and international agencies, problems related to the translation of data from animal models to human disease, and 
the transition from the laboratory to the field. Furthermore, a thorough understanding of protective immune re- 
sponses and generation and maintenance of the immunological memory, an important but least-studied aspect of 
antiparasitic vaccine development, during Leishmania infection is needed. This review focuses on the progress of 
the search for an effective vaccine against human and canine leishmaniasis. 
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INTRODUCTION 

Leishmania parasites cause a wide variety of dis- 
eases that range in severity from self-healing cutane- 
ous leishmaniasis (CL) to fatal disseminated visceral 
leishmaniasis (VL) [11 . The disease manifestation is 
determined by both the species of Leishmania and 
the host immune system, although certain species are 



associated with specific clinical conditions. For ex- 
ample, VL usually results from infection with either 
Leishmania donovani (L. donovani) or Leishmania 
infantum (L. infantum) . The leishmaniases are re- 
sponsible for the second-highest number of deaths 
due to parasitic infection globally 1 ' 1 . They have an 
overwhelming estimated prevalence of 15 million 
infected humans, and cause a burden estimated at 



Corresponding author: Joshua Muli Mutiso, Ph.D, Institute of 
Primate Research, Karen, Nairobi 24481-00502, Kenya. Tel/Fax: 



+254722492228/ +254202606231, E-mail: mutisovic@yahoo.co.uk. 
The authors reported no conflict of interest. 



©2013 by the Journal of Biomedical Research. All rights reserved. 



doi:10.7555/JBR.27.20120064 



86 



Mutiso JM et al. The Journal of Biomedical Research, 2013, 27 



2,357,000 disability-adjusted life years. Leishmaniasis 
has been classified as one of the most neglected dis- 
eases; the estimated disease burden places it second 
in mortality and fourth in morbidity among the tropi- 
cal infections' 41 . The disease is prevalent in Africa, 
Latin America, Asia, the Mediterranean basin and the 
Middle East, and recently has been identified in East 
Timor 151 and Thailand 161 . Diagnosis is based on clinical 
criteria used for humans: lesion histopathology, detec- 
tion and isolation of parasites from the lesions, and the 
analysis of the small subunit ribosomal RNA genes 
using the polymerase chain reaction (PCR) . Although 
chemotherapeutic treatments for the leishmaniases ex- 
ist, the drugs are costly, limited and toxic 181 . Further- 
more, available treatments are threatened by drug re- 
sistance, which is reviewed by Croft et al. . Even with 
treatment, various disease forms can cause lifelong 
disfigurement and scarring. Thus, as with all infec- 
tious diseases, prevention of leishmaniasis is superior 
to a cure. A prophylactic vaccination would prove to 
be the most effective strategy to control infection and 
spread of this group of diseases' 1 " 1 . However, despite 
substantial effort spent in developing a vaccine, there 
is currently no licensed vaccine against human leish- 
maniasis 1111 . One complication in the control of human 
leishmaniasis is the existence of Leishmania animal 
reservoirs, especially the domestic dog, which is as- 
sociated with widespread CVL in South America 1121 
and the Mediterranean region 1131 . The development 
of an effective CVL vaccine may help in controlling 
zoonotic VL infection in humans. 

Host resistance to Leishmania infection is medi- 
ated by cellular immune responses leading to macro- 
phage activation and parasite killing. Antileishmanial 
immunity is mediated by both innate and adaptive 
immune responses and requires effective activation 
of macrophages, dendritic cells (DCs), and antigen- 
specific CD4 + and CD8 + T cells 1141 . Acquired im- 
munity in murine CL caused by Leishmania major 
(L. major) is mediated by parasite-induced produc- 
tion of IF-y by CD4 + T cells (Thl subset), and can 
develop in the absence of CD8 + T cells 1151 . However, 
both CD4 + and CD8 + T cells are required for an ef- 
fective defense against murine visceral L. donovani 
infection 116 " 1 ' 11 . Antileishmanial antibodies, which are 
produced at low level in CL and at a very high level 
in VL, play no role in protection. A high antibody 
level is a marker of progressive disease in VL 1181 . Ef- 
fector CD4 + T cells are responsible for the produc- 
tion of cytokines critical for the activation of mac- 
rophages and are required for optimal host response 
to infection 1171 . Cytotoxic CD8 + T cells also play a 



host protective role and are required for the effec- 
tive clearance of parasites 1161 and the generation of 
memory responses 1191 . Interestingly, 80%-90% of hu- 
man infections are subclinical or asymptomatic, and 
this asymptomatic infection is associated with strong 
cell-mediated immunity. Only a small percentage 
of infected individuals develop severe disease, and 
patients who recover from leishmaniasis display re- 
sistance to reinfection 1181 . This suggests the develop- 
ment of clinical immunity and provides a biological 
rationale for the development of vaccines that impart 
a strong cellular immunity. 

Amongst the various types of leishmaniases, VL 
is the most dreaded and devastating 12 " 1 . Humans are 
the only known hosts for L. donovani; however, a 
complication in the control of leishmaniasis is the 
involvement of animal reservoirs. L. infantum is pri- 
marily a zoonotic disease and canine species are the 
main animal reservoirs. CVL affects millions of dogs 
in Europe, Asia, North Africa, and South America 
and has been associated with outbreaks of human 
VL 1121 . Both symptomatic and asymptomatic Leish- 
mam'a-infected dogs act as a source of parasites for 
VL transmission 1211 , and CVL represents a significant 
public health issue. A current approach to breaking 
the VL transmission cycle is the development of CVL 
vaccine, which may be crucial for controlling VL in- 
fection in human populations. Experimental infection 
models are used to screen and evaluate Leishmania 
vaccines, and several animal species have been used 
including mice, hamsters, monkeys, and dogs 1221 . 
However, no single in vivo model accurately reflects 
all aspects of human VL disease, which has been a 
major limitation in the development of VL vaccines. 
However, a vaccine for man requires a final evalu- 
ation in a non-human primate model before clinical 
application. This is due to the closer phylogenetic 
relationship between man and NHP model, as com- 
pared to other animal models. The precise immune 
mechanisms underlying human VL are still not fully 
understood, and the responses necessary for protection 
by vaccination in experimental infection models may 
not reflect those required for efficacy in endemic ar- 
eas [2il . Improved understanding of these areas should 
assist in the development of an effective prophylac- 
tic vaccine, capable of inducing the specific immune 
responses required to battle this parasite. The profile 
of an antileishmanial vaccine would need to incor- 
porate several important features, such as safety, ease 
of production at a low cost in endemic countries, the 
induction of robust, long-term T cell responses, and 
both prophylactic and therapeutic efficacy. 
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DEVELOPMENT OF LEISHMANIA 
VACCINES 

Evidence that most individuals who were once in- 
fected with Leishmania are resistant to clinical infec- 
tions when later exposed provides the justification for 
vaccine development 1111 . Although there is no licensed 
vaccine against any form of leishmaniasis for general 
human use, a vaccine against different forms should, 
in theory, be possible. This is considering the abun- 
dance of genetic and biological information about the 
parasite, clinical and experimental immunology of 
the disease, and the availability of vaccines that offer 
protection in experimental animals against challenge 
with different Leishmania species' 241 . The leishma- 
niases are unique among parasitic diseases because 
a single vaccine could successfully prevent and treat 
disease and has the potential to protect against more 
than one Leishmania parasite species [2nl . To date, there 
have been numerous attempts at developing a suc- 
cessful vaccine against leishmaniasis and there are 
several categories of vaccine candidates. Development 
of vaccines can be divided into five different stages: 
discovery, pre-clinical development, clinical develop- 
ment, registration, and postmarketing evaluation. For 
leishmaniasis vaccines, there has been much activity 
in the discovery area yielding many candidate sec- 
ond generation vaccines. In general, the leishmaniasis 
vaccines in development can be divided into various 
categories: (i) Live Leishmania vaccine (Leishmani- 
zation, LZ); (ii) First generation vaccines consisting of 
whole killed Leishmania or fractions of the parasite; 
(iii) Second generation vaccines including all defined 
vaccines, i.e., recombinant proteins, DNA vaccines 
and combinations thereof; (iv) Live-attenuated Leish- 
mania vaccines. A review on LZ, first generation vac- 
cines, selected "most important" recombinant protein 
vaccine candidates, DNA and live-attenuated Leish- 
mania vaccines is presented. 

Live Leishmania vaccine (Leishmanization, 
LZ) 

From ancient times, it was known in western and 
south-western Asia that recovery from CL is followed 
by a strong immunity to the disease 1261 . Hence, much 
like cow-pox, the exudates from active lesions were 
inoculated into a covered part of the body of healthy 
children to induce a self-healing lesion and protection 
against multiple lesions on the face and other exposed 
parts of the body. This approach later became known 
as 'leishmanization' (LZ) and live virulent L. ma- 
jor promastigotes were harvested from free cultures 
and used in large-scale vaccination trials during the 



1970s and 1980s in Israel, Iran and the former Soviet 
Union 121 ' 2 '" 291 . Although still practiced in Uzbekistan, 
the observation of adverse side effects, including the 
development of large persistent lesions, psoriasis and 
immunosuppression, led to the discontinuation of LZ 
in many countries. The focus of vaccine development 
consequently shifted towards killed organisms 120 ' 261 . 
Nowadays, the development of a new vaccine must 
meet several strict criteria where safety, reproducibil- 
ity and efficacy are of utmost importance 1211 . Although 
LZ gave a high percentage of successful lesion devel- 
opment and subsequent immunity to L. major infec- 
tion, it was neither reproducible nor safe. Furthermore, 
the viability and infectivity of the injected parasites 
varied and organisms without virulence induced 
delayed-type hypersensitivity (DTH) 1291 . Another ap- 
proach to live non-attenuated vaccines was taken by 
Breton et al. [30] who used a non-pathogenic species, 
Leishmania tarentolae (L. tarentolae), to immunize 
mice. The high level of immunological cross-reactiv- 
ity between species at both the humoral and cellular 
level provides the rationale for using non-pathogenic 
Leishmania species to immunize against virulent spe- 
cies 1 '" 1 . Breton et al. has indicated that this approach 
may be promising as a vaccine against murine L. do- 
novani VL. Vaccinated BALB/c mice were able to 
yield a protective immune response after only a single 
intraperitoneal vaccination. Although the results from 
this study appear promising, vaccination with live 
non-attenuated parasites is not an appealing prospect. 
At present, there is only one prophylactic live vac- 
cine in use. This is a mixture of live virulent L. major 
mixed with killed parasite registered in Uzbekistan. 
The parasite is isolated from an active lesion to pro- 
duce the vaccine each year to overcome the problem 
of loss of virulence and given a few months prior to 
the start of transmission cycle to high risk popula- 
tion ] . The problems associated with live vaccines 
are standardization and quality control. There may 
also be concerns about the risk of HIV transimission 
and hence the attenuation of live parasites to render 
them avirulent may offer a safer, more stable approach 
to live vaccination. 

First generation vaccines (Whole killed or 
fractions of the Leishmania parasite) 

Whole killed parasites - New world 

The early trials with killed Leishmania as a vaccine 
were conducted in Brazil in the 1940s. Later, from the 
1970s onwards Mayrink and his colleagues developed 
a killed vaccine composed of five isolates of Leish- 
mania containing four different species 1 ] . This was 
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simplified to a single (Leishmania amazonensis, L. 
amazonensis) vaccine and tested for prophylactic po- 
tential in Columbia and Ecuador"' 1 and, as an ad- 
junct to chemotherapy in Brazil. Convit and his group 
in Venezuela introduced their autoclaved Leishmania 
mexicana (L. mexicana) + BCG for immunotherapy 
and/or immunochemotherapy 1381 . Several prophylactic 
studies were done 1341 with inconclusive results or low 
protection induced by the vaccine (killed Leishmania 
injected 3 times without any adjuvant) when given to 
leishmanin-negative (Montenegro skin test, MST the 
same as leishmanin skin test, LST) individuals. How- 
ever, a highly significant finding of this group, which 
has been confirmed repeatedly by others, is that the 
incidence rate amongst the MST converted individu- 
als in the vaccine group was significantly lower than 
those in the control (unvaccinated) group or vacci- 
nated but MST nonconverted individuals. As in Ven- 
ezuela with Convit 's vaccine, Mayrink's vaccine was 
effective in reducing the dose of antimony required to 
achieve cure 1391 . Based on these trials, the vaccine was 
registered as an adjunct to antimony therapy in Brazil, 
but not for prophylactic use. 

In Venezuela, autoclaved killed L. mexicana is now 
used to treat patients with CL. If the patient does not 
respond after three injections (2 months), antimony 
treatment is initiated 14 " 1 . In Ecuador, two doses of a 
vaccine composed of L. amazonensis and L. mexi- 
cana mixed with BCG induced 73% protection 1411 . A 
double-blind randomized efficacy trial with Mayrink's 
vaccine, formulated to be injected intradermally 
mixed with BCG, could not be conducted as planned 
due to flooding caused by El Nino. As a result, case 
finding was delayed and it was not possible to deter- 
mine the efficacy of the vaccine, if any 1 '" 1 . This study, 
unlike the claims of the authors, should be considered 
as "inconclusive". A comparative trial of this vaccine, 
with and without BCG, was conducted in Colombia. 
The formulation without BCG was chosen to proceed 
to efficacy trial due to lesion formation at the site of 
injection with BCG . A randomized double-blind 
placebo control efficacy trial against natural infection 
was conducted in Colombia 1 ' 61 . Similar to the find- 
ing of Mayrink 1 ' 341 in Brazil, there was no significant 
difference in incidence rates of vaccinated vs unvac- 
cinated controls. Unlike Mayrink's studies, there was 
no skin test performed after vaccination, hence the 
immunogenicity of the vaccine soon after immuniza- 
tion was not known. A low conversion rate, due to 
whatever reason, could account for lack of sufficient 
efficacy. Furthermore, it was not possible to determine 
the incidence only in those vaccinated individuals who 
responded by skin test conversion, the group that in 



previous trials were shown to have a lower incidence 
rate. In general considering all trials, based on the im- 
munogenicity of various killed Leishmania prepara- 
tions, it seems that a better adjuvant than BCG would 
be required to produce a potent vaccine. 

Whole killed parasites - Old world 

Zoonotic, as well as anthroponotic CL exist at very 
high incidence rates in different parts of Iran, which 
makes the disease one of the major health problems 
in this country. This has given the impetus to focus 
much attention and resources for developing a vac- 
cine during the last decade. Using the same organism 
that was used for LZ in Iran, a seed bank and several 
hundred seed lots were prepared at Razi Serum and 
Vaccine Research Institute, Hesarak, Iran. Several 
procedures were used for killing the promastigotes 
and finally autoclaving was selected, similar to that 
developed in Venezuela to produce autoclaved L. 
major (ALM) as the vaccine. Stepwise phase I-II 
safety and dose-response trials were conducted in 
non-endemic area 142 ' 431 . A dose of 1.0 mg ALM mixed 
with one tenth of the dose of BCG usually used for 
antituberculosis vaccine was chosen for further de- 
velopment. The results showed that the mixture was 
safe, acceptable and induced LST conversion in about 
38% and weak but measurable IFN-y production. Ef- 
ficacy trials of a single dose of 1 mg of ALM mixed 
with one tenth dose of BCG were conducted in a 
zoonotic 1441 as well as anthroponotic foci of Iran 1451 . 
The immunogenicity of the vaccine in the field was 
much reduced and only 16.5% LST conversion was 
seen in the anthroponotic focus of Bam, Iran. To 
increase immunogenicity, multiple injections were 
planned. Safety and immunogenicity of multiple doses 
were studied in non-endemic foci before proceeding to 
field efficacy trials. Two doses of the vaccine reduced 
the incidence by 43% in LST converted volunteers 
in Sudan against VL involving 2306 volunteers 1461 . In 
earlier studies, Indian langur monkeys were vaccinat- 
ed with autoclaved L. major plus BCG against L. do- 
novani m . A triple dose schedule each of 1 mg ALM + 
1 mg BCG was more efective than a single dose vac- 
cination. The triple dose vaccinated animals showed 
significantly reduced parasite numbers as compared to 
the single dose vaccinated animals. It was decided that 
the vaccine was not immunogenic enough and another 
adjuvant was sought. 

To enhance the immunogenicity of the ALM+BCG 
vaccine, ALM was adsorbed to alum (aluminum hy- 
droxide), and the resulting alum- ALM was mixed with 
BCG just prior to injection. Indeed, addition of alum 
to ALM led to enhanced immunogenicity as a single 
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injection of killed Leishmania in alum plus IL-12 in- 
duced strong cellular immune responses and protec- 
tion in Rhesus monkeys against CL . Further vacci- 
nation studies utilizing the vervet monkey model used 
the ALM in conjunction with IL-12 as an adjuvant and 
the results indicated type 1 immune responses which 
failed to protect vaccinated animals against L. Major 
challenge 1491 . However, alum-ALM + BCG protected 
Langur monkeys against VL [ 0] . A single injection of 
alum-ALM mixed with BCG showed 70% protection 
in canine leishmaniasis in Iran. The vaccine did not 
produce high titres of antileishmanial antibodies and 
the efficacy was assessed by raising serum antibodies 
after exposure to natural infection . A dose escala- 
tion trial of a single intradermal injection of alum- 
ALM (10, 100, 200 or 400 ug of Leishmania proteins) 
mixed with BCG was carried out in healthy volun- 
teers from a non-endemic area of Sudan. The results 
showed the highest skin test conversion seen in any 
Leishmania vaccine trials so far 1521 . With the exception 
of the 200 ug arm, all volunteers developed a strong 
LST reaction, which remained strongly positive up 
to 90 days post vaccination. Local side effects were 
minimal and acceptable and no systemic side effect 
was recorded. The low immune response in the 200 
ug group was attributed to the problems with the BCG 
vial used on that day as BCG lesions either did not 
develop or developed many weeks after injection. The 
safety-immunogenicity trial was repeated in Sudan 
and essentially all participants responded strongly with 
a single injection 1 Recently, whole killed formalin- 
fixed L. major promastigotes (KLM) were delivered in 
the BALB/c model of CL. The vaccine was comprised 
of KLM in conjunction with alum, BCG or montanide 
ISA 720 (MISA) as adjuvants and there was signifi- 
cant protective type 1 immune response in mice im- 
munized with BCG+KLM or MISA+KLM 1541 . How- 
ever, the study indicated adverse reactions following 
immunization with BCG vaccine. More recently, these 
murine data were evaluated in the vervet monkey 
model of visceral L. donovani leishmaniasis, where 
animals were vaccinated with L. donovani whole son- 
icate antigen with or without alum-BCG, monophos- 
phoryl lipid A or MISA 720 [55] . The results indicated 
strong type 1 immune responses in animal groups 
immunized with either alum-BCG+Ag or MISA+Ag, 
with the MISA+Ag vaccinated animals having bet- 
ter results than the alum-BCG+Ag group. However, 
vaccination with alum-BCG was associated with ad- 
verse local reactions, which may negatively influence 
the application of BCG as an adjuvant in Leishmania 
vaccines. Currently, an immunochemotherapy trial of 
4 injections of 100 ug of alum-ALM+BCG combined 



with sodium stibogluconate (Pentostam) for treatment 
of post-kala-azar dermal leishmaniasis (PKDL) is 
underway in Sudan. The initial results are highly en- 
couraging with significant cure in the group receiving 
combined therapy compared to chemotherapy alone [56] . 
Thus, alum precipitated ALM mixed with one tenth 
dose of BCG appears to constitute a safe vaccine and 
an appropriate candidate for further development. 

Fractionated Leishmania vaccine preparation 

The fucose mannose ligand (FML) antigen is 
present on the surface of the parasite throughout the 
life cycle, and it has been shown that it is a potent im- 
munogen in mice and rabbits and a sensitive, predic- 
tive and specific antigen in serodiagnosis of human 
and canine kalaazar 15 ' 1 . The FML saponin formulation 
is shown to be safe, immunogenic and protective in 
BALB/c, Swiss albino mice and CB hamsters' 581 . In 
a Brazillian region endemic for both human and dog 
VL, efficacy trials using the FML vaccine in dogs 
induced 92 and 95 percent protection in naturally 
exposed vaccinated dogs. Protection induced by the 
FML-Quillaja saponin vaccine lasted up to 3.5 yr 
after vaccination; therefore, it induced strong pro- 
tective effect against canine kala-azar in the field 1591 . 
Soluble L. donovani antigens (Lag) in conjunction 
with positively charged liposomes was evaluated as 
a candidate vaccine against murine and hamster-L. 
donovani challenge 16 " 1 . Intraperitoneal immunizations 
of hamsters and BALB/c mice with the leishmanial 
antigens confered protection against infection with 
the virulent promastigotes. These protected animals 
elicited profound DTH and increased levels of Leish- 
mania-specific IgG antibodies. Robust levels of in- 
duced IgG2a antibodies following immunization with 
liposome-encapsulated antigens seemed to be respon- 
sible for the significant levels of resistance against the 
disease. In another study, L. major culture-derived 
soluble exogenous antigens (SEAgs) delivered alone 
or in conjunction with alum, recombinant murine in- 
terleukin-12 (rmIL-12), alum and rmIL-12 or mon- 
tanide ISA 720 (MISA 720) were used as a vaccine 
against L. major challenge in BALB/c mice 1511 . Data 
indicated that mice immunized with the SEAgs alone 
showed significant T cell proliferation and secreted a 
mixed profile of type 1 and 2 cytokines. This immune 
response was associated with significant reduction 
in lesion sizes with more than 100-fold fewer para- 
sites as compared to other groups combining SEAgs 
with adjuvants. Western blot analyses of SEAgs re- 
vealed the presence of lipophosphoglycan and gp46/ 
M2/PS-2 in the secreted antigens. In a more recent 
study, a vaccine comprising of L. donovani promas- 
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tigote soluble antigens (sLAg) encapsulated in non- 
phosphatidylcholine (non-PC) liposomes prepared 
from Escherichia coli (E. coli) lipids was evaluated 
in BALB/c mice and hamsters [62] . The non-PC lipo- 
some entrapped promastigote antigens elicited parasite 
specific CD8 + and CD4 + T-cell immune response and 
protected immunized animals against VL. The vac- 
cine administration induced strong humoral, as well 
as cell mediated immune responses in immunized 
animals. Recently, purified soluble L. major antigen 
(SLA) was used as a model of first generation vac- 
cine with the nuclease-resistant phosphorothioate CpG 
oligodeoxynucleotides (PS CpG) or nuclease-sensitive 
phosphodiester CpG ODNs (PO CpG) as adjuvants in 
murine CL . This vaccine, used in liposomal deliv- 
ery system, showed a high protection rate compared 
with the control groups with no significant difference 
in immune response generation between mice immu- 
nized with PS CpG and the group receiving PO CpG. 

Second generation vaccines (recombinant pro- 
tein and DNA vaccines) 

Recombinant protein vaccines 

The newer vaccines under consideration comprise 
recombinant DNA-derived antigens and peptides. 
Some of the target antigens are species and life cycle 
stage specific, while others are shared by promas- 
tigotes and amastigotes. Some are conserved among 
Leishmania species, while others are not. Since T cells 
recognize peptides derived from cytosolic proteins 
bound in the MHC class I groove or peptides derived 
from the lysosomal compartment bound in the MHC 
class II groove on the antigen-presenting cell surface, 
it would appear that virtually any parasite protein 
might function as an antigen regardless of its loca- 
tion in the parasite. At the effector stage in the lesion, 
it may not be important if the antigens are present on 
the surface of infected or bystander antigen-presenting 
cells. As long as the appropriate proinflammatory Thl 
cytokines are generated in the lesion, macrophage ac- 
tivation and parasite killing should occur. A variety of 
Leishmania vaccines consist of recombinant proteins; 
poly-proteins produced by DNA cloning. More recent 
efforts aim at increasing the immunogenicity of DNA 
cloning vaccines, including the use of genetic adjuvants 
and plasmid-based expression of viral replicons' 641 . 
Some of the important recombinant protein candi- 
date vaccines include: surface expressed glycoprotein 
leishmaniolysin (gp63), Leishmania activated C kinase 
(LACK), parasite surface antigen (PSA), Leishmania- 
derived recombinant polyprotein (Leish-lllf) and ser- 
ine proteases among other candidate antigens"" 1 . 



Native and recombinant forms of Leishmania gp63 
have been used as candidate vaccine against both CL 
and VL. Anti-gp63 antibodies and DTH reaction were 
recorded in vervet monkeys vaccinated with a triple 
dose totalling 150 ug of recombinant gp63 mixed with 
BCG as an adjuvant, resulting in partial protection of 
immunized animals' 661 . Although gp63 produced in 
E. coli was safe, peripheral blood leucocytes (PBL) 
from these animals neither proliferated nor produced 
any IFN-y following in vitro stimulation with the an- 
tigen. In a different study aimed at evaluating the role 
of CpG ODN co-encapsulated with rgp63 antigen in 
cationic liposomes (Lip-rgp63-CpG ODN) in im- 
mune response enhancement and protection in BALB/ 
c mice against leishmaniasis, Lip-rgp63-CpG ODN 
prepared by using the dehydration-rehydration vesi- 
cle (DRV) method significantly inhibited Leishmania 
major infection in mice, measured by footpad swelling, 
compared to Lip-rgp63, rgp63 alone, rgp63 plus CpG 
ODN, PBS or control liposomes' 6 ' 1 . Mice immunized 
with Lip-rgp63-CpG ODN also showed the lowest 
spleen parasite burden, the highest IgG2a/IgGl ratio 
and IFN-y production and the lowest IL-4 production 
compared to the other groups. The results indicated that 
co-encapsulation of CpG ODN in liposomes improves 
the immunogenicity of Leishmania antigen. 

In a different study, human T lymphocyte respons- 
es to L. amazonensis native and recombinant gp63 
(rgp63) produced in E. coli were evaluated in individ- 
uals with active or cured CL, mucosal Leishmaniasis 
or VL. T cell lines generated against rgp63 prolifer- 
ated, but failed to proliferate in response to native 
gp63 or to promastigote lysate. Thus, rgp63 was ef- 
fective in eliciting T cell responses from patients with 
active or cured Leishmania infection' 631 . In a recent 
study, gp63 in stable cationic distearoyl phosphatidyl- 
choline (DSPC) liposomes conferred sustained vac- 
cine immunity to susceptible BALB/c mice infected 
with L. donovani im . Production of IFN-y and IL-4 
by splenic T cells, and of serum immunoglobulin Gl 
(IgGl) and IgG2a following immunization, suggested 
that the vaccine induced a mixed Thl/Th2 response. 
However, control of disease progression and parasitic 
burden in mice vaccinated with gp63 in the cationic 
DSPC liposomes was associated with enhancement 
of antigen-specific IFN-y and downregulation of IL- 
4, demonstrating a Thl bias. In a different study, gp63 
as a recombinant antigen combined with liposome 
formulations with different bilayer compositions con- 
sisting of egg phosphatidylcholine (EPC, Tc < 0°C), 
dipalmitoylphosphatidylcholine (DPPC, Tc 41°C), or 
distearoylphosphatidylcholine (DSPC, Tc 54°C) was 
used to immunize mice against cutaneous L. major 
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infection . The results indicated that the gener- 
ated immune response in mice was influenced by the 
bilayer composition of liposomes, so that mice im- 
munized with liposomes consisting of EPC induced a 
Th2 type of immune response while liposome consist- 
ing of DPPC or DSPC induced Thl type of immune 
response. Working on DNA based vaccines against L. 
donovani, Mazumder et al. [711 compared the potency, 
efficacy, and durability of DNA, protein and heterolo- 
gous prime-boost (HPB) preparation, and major sur- 
face gp63 cloned into mammalian expression vector 
pcDNA3.1. The researchers demonstrated that gp63 
DNA based vaccination induced immune responses 
and conferred protection against challenge infec- 
tion, while HPB based on gp63 in association with the 
vaccine adjuvant Cpg ODN emphasized cellular and 
humoral responses that correlated with durable pro- 
tection against a challenge with L. donovani up to 12 
weeks post vaccination. 

Leishmania parasite surface antigen-2 (PSA-2) 
is a family of glycoinositol phospholipids anchored 
glycoprotein (GPI-gp46) expressed in both promas- 
tigote and amastigote of all Leishmania species except 
Leishmania braziliensis (L. braziliensis) l ' 2 \ Parasite 
surface antigen-2 is comprised of three polypep- 
tides with approximate molecular weights of 96,000, 
80,000 and 50,000 kDa [73] . The amastigote form ex- 
presses a distinct but closely related PSA-2 with a 
molecular weight of 50,000 kDa. It has been shown 
that vaccination with native PSA-2 with Coryne- 
bacterium parvum as adjuvant protects mice from 
Leishmania through a Thl mediated response, but the 
recombinant PSA-2 purified from E. coli and admin- 
istered in immuno-stimulating complexes (ISCOMs) 
or mixed with C. parvum as an adjuvant does not 
induce protective immunity despite the induction of 
Thl responses. Both C3H and BALB/c mice showed 
good protection against L. major challenge when the 
DNA was administered as a prophylactic vaccine, al- 
though significant healing from established L. major 
infection was seen when the plasmid was given as 
an immunotherapeutic agent 17 ] . Parasite surface an- 
tigen-2 is involved in macrophage invasion through 
the interaction of its leucine rich repeats (LRR) with 
complement receptor 3 (CR3). In a study that was the 
first to demonstrate the functional role for PSA-2, the 
authors indicated that in addition to leishmanolysin 
and LPG, parasite attachment and invasion of mac- 
rophages involve a third ligand comprising the LRRs 
shared by PSA-2 and PPG and that these interactions 
occur via the CR3 [ ' 5! . 

Mucin-like glycoproteins called proteophosphogly- 
cans (PPGs) exist as secretory as well as surface- 



bound forms in both promastigotes and amastigotes. 
The structure and function of PPGs have been re- 
ported to be species and stage specific as in the case 
of L. major and L. mexicana but not for L. donovani. 
The DNA-encoding N-terminal domain of the PPG 
gene was evaluated as a vaccine in golden hamsters 
(Mesocricetus auratus) against L. donovani chal- 
lenge. A prophylactic efficacy of approximately 80% 
was observed in vaccinated hamsters and all of them 
could survive beyond six months after challenge. The 
efficacy was supported by a surge in inducible ni- 
tric oxide synthase (iNOS), IFN-y, TNF-a, and IL-12 
mRNA levels along with extreme downregulation of 
transforming growth factor beta (TGF-P), IL-4, and 
IL-10. A rise in the level of Leishmania-specific IgG2 
was also observed, which was indicative of enhanced 
cellular immune response. The results suggested the 
N-terminal domain of L. donovani PPG as a potential 
DNA vaccine against VL [761 . In an attempt to select 
candidate antigens for a vaccine protecting against 
different Leishmania species, the efficacy of vaccina- 
tion using Leishmania ribosomal proteins and saponin 
as adjuvant was examined in BALB/c mice against 
challenge infection with both parasite species 1 " 1 . Mice 
vaccinated with parasite ribosomal proteins puri- 
fied from L. infantum plus saponin showed a specific 
production of IFN-y, IL-12 and GM-CSF after in 
vitro stimulation with L. infantum ribosomal proteins. 
Vaccinated mice showed a reduction in the liver and 
spleen parasite burdens after Leishmania chagasi (L. 
chagasi) infection. After L. amazonensis challenge, 
vaccinated mice showed a decrease of dermal pathol- 
ogy and a reduction in the parasite loads in the foot- 
pad and spleen. In both models, protection was corre- 
lated with an IL-12-dependent production of IFN-y by 
CD4 + and CD8 + T cells that activate macrophages for 
the synthesis of NO. In the protected mice, a decrease 
in the parasite-mediated IL-4 and IL-10 responses was 
also observed. In mice challenged with L. amazon- 
ensis, lower levels of anti-parasite-specific antibodies 
were detected. The study concluded that Leishmania 
ribosomal proteins plus saponin fits the requirements 
to construct a pan-Leishmania vaccine 1 " 1 . A different 
study has demonstrated that vaccination with ribos- 
omal protein extracts administered in combination 
with CpG ODN protects susceptible BALB/c mice 
against primary L. major infection. Vaccinated and 
infected mice were able to control a secondary L. ma- 
jor challenge since no inflammation and a very low 
number of parasites were observed in the site of re-in- 
fection. Resistance against re-infection correlated with 
a predominant Thl response against parasite antigens. 
Thus, cell cultures established from spleens and the 
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draining lymph node of the secondary site of infec- 
tion produced high levels of parasite-specific IFN-y 
in the absence of IL-4 and IL-10 cytokine production. 
In addition, re-infected mice showed a high IgG2a/ 
IgGl ratio for anti-Le ishmania antibodies. The results 
suggested that a ribosomal vaccine, which prevents 
pathology in a primary challenge in combination with 
parasite persistence, might be effective for long-term 
maintenance of immunity against CL [781 . 

L. mo/or-derived nuclear protein histone HI fused 
with glutathione-S-transferase (GST-HI) and GST 
antigens were expressed in E. coli and purified us- 
ing GST affinity resin before use in conjunction with 
montanide ISA 720 as a vaccine against L. major 
challenge in the vervet monkey model of leishmania- 
sis" 91 . Intrademal delivery of an initial dose of 200 
|ig of the antigen (rGST-Hl) mixed with MIS A 720 
followed by two boosters with the vaccine at a dose 
of 100 |^g of antigen each significantly reduced the 
development of lesion sizes (providing partial pro- 
tection) as compared to animal groups that received 
either GST+MISA 720 or MISA 720 alone at the 
same dosages. Leishmania homologue for recep- 
tors of LACK is expressed throughout leishmanial 
life cycle 1801 . Following L. major infection, the early 
LACK-induced IL-4 response appeares to determine 
disease susceptibility in BALB/c mice, since immu- 
nization with Leishmania homologue for receptors of 
LACK promotes the expansion of IL-4 secreting T 
cells overcoming Thl responses detrimental to leish- 
manial parasites 1811 . The protective efficacy of LACK 
gene construct was compared with that of LACK 
protein and IL-12 1821 . It was shown that the LACK 
gene construct induced a strong protective response 
comparable to that achieved when LACK protein plus 
recombinant IL-12 was administered, and was better 
than protection seen with LACK protein alone. More- 
over, it was demonstrated that the depletion of CD8 + 
cells at the time of vaccination or infection abolished 
the protective response induced by LACK DNA gene 
construct vaccination, suggesting a role for CD8 + T 
cells in DNA vaccine induced protection toward L. 
major 121 . In susceptible BALB/c mice, immunization 
with LACK had the ability to control a subsequent 
infection with L. major im . To date, the protective ef- 
ficacy of LACK has been mainly demonstrated in the 
L. major model, but it failed to protect against VL [8 ] . 
Hence, researchers sought to manipulate the patho- 
genic T cell responses to the immunodominant epitope 
with the use of altered peptide ligands (APLs) and 
concluded that certain LACK- APLs are able to induce 
T cell responses with a protective phenotype in an in- 
fectious disease such as leishmaniasis 1851 . 



The immunological potential of kinesin protein 
from the microtubule locus of L. donovani was exam- 
ined as a suitable vaccine candidate. A recombinant 
protein (rLvacc) was expressed from this region. The 
antigenicity and immunogenicity studies of this pro- 
tein by Western blot analysis revealed that rLvacc is 
strongly recognized by sera from acute VL patients. 
Following in vitro stimulation of peripheral blood 
mononuclear cells from cured VL patients with rL- 
vacc and enzyme-linked immunosorbent assay of the 
supernatant for anti-rLvacc titres, the results showed 
that immunoglobulin G2 (IgG2) subtype antibod- 
ies were predominant, while IgGl subtype antibodies 
were produced in very low titers 1861 . Vaccination with 
the DNA construct of this protein generated a good 
cellular immune response with significant increases in 
IFN-y and interleukin-2 (IL-2) cytokine levels (Thl), 
but no increase in IL-4 levels (Th2). Taken together, 
the findings suggested that the kinesin motor domain 
region of L. donovani may be considered as a potential 
vaccine candidate against VL [8f>1 . Proteases have been 
found to play essential roles in many biological proc- 
esses, including the pathogenesis of leishmaniasis. The 
intracellular distribution of a novel L. donovani secre- 
tory serine protease in the flagellar pocket was deter- 
mined by immunogold labeling. Flow cytometry and 
confocal immunofluorescence analysis revealed that 
the expression of the protease diminishes sequentially 
from virulent to attenuated strains of this species and 
is also highly associated with the metacyclic stage of L. 
donovani promastigotes. The level of internalization 
of parasites treated with the anti-115-kDa-serine pro- 
tease antibody into host macrophages was significant- 
ly reduced from that of non-antibody-treated parasites, 
suggesting that this serine protease probably plays a 
role in the infection process. In vivo studies in BALB/c 
mice confirmed that this 115-kDa serine protease is a 
potential vaccine candidate delaying infection with L. 
donovani lRl] . The researchers referred the mechanism 
of protection to possible increase in the Thl/Th2 ra- 
tio and the involvement of other immunomodulatory 
cytokines. In a more recent study, L. donovani culture 
derived, soluble, secretory serine protease (pSP) has 
been shown to be a vaccine target of VL. Protection 
from VL could be achieved by the use of safer vaccine 
which generally requires an adjuvant for induction 
of strong Thl response. The safety, immunogenic- 
ity and efficacy of pSP+IL-12 as a vaccine candidate 
was assessed in mouse model 1871 . BALB/c mice im- 
munized with pSP+IL-12 were protected significantly 
from challenged infection, even after four months, by 
reduced parasite load in the liver and spleen and sup- 
pressed the development of the disease, along with an 
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increase in IgG2a antibody level in serum, enhanced 
DTH and strong T-cell proliferation. Groups receiving 
pSP+IL-12 had augmented pSP antigen-specific Thl 
cytokines like IFN-y and TNF-a response with con- 
comitant decrease of Th2 cytokines, IL-4 and IL-10 
after vaccination. In this study, the vaccine efficacy of 
pSP was further assessed for its prophylactic potential 
by enumerating matrix metalloprotease-9 (MMP-9) 
profile, which has been implicated in various diseases. 
MMP-9 associated with different microbial infec- 
tions is controlled by their natural inhibitors (TIMPS) 
and by some cytokines. In this study, pSP was found 
to regulate excessive inflammation by modulating 
the balance between MMP-9 and TIMP-1 expression. 
This modulatory effect has also been demonstrated 
by IFN-y mediated downregulation of TNF-a induced 
MMP-9 expression in activated murine macrophages. 
This is the first report where a secretory L. donovani 
serine protease (pSP) adjuvanted with IL-12 could also 
act as protective immunogen by modifying cytokine 
mediated MMP-9 expression in experimental VL. 
These findings elucidate the mechanisms for the regu- 
lation of MMP-9 following infection of L. donovani in 
vaccinated animals and thus pave the way for devel- 
oping new immunotherapeutic interventions for VL [881 . 

The enzyme sterol 24-c-methyltransferase (SMT) 
is required for the biosynthesis of ergosterol, the ma- 
jor membrane sterol in Leishmania parasites. Sterol 
24-c-methyltransferase and ergosterol are not found 
in mammals, so this protein may be an attractive tar- 
get for anti-leishmanial vaccines and drugs 1891 . The 
researchers demonstrated that SMT from L. infantum, 
which causes VL, is a protective antigen against this 
parasite 19 " 1 . In this study, the vaccine consisted of 10 
Hg of recombinant SMT (rSMT) plus 20 ng of MPL- 
SE derivered in C57BL/6 mice. The control mice were 
given either MPL-SE alone or 10 ug of rSMT. Mice 
immunized with this vaccine candidate plus MPL-SE 
showed Ag-specific Thl immune responses charac- 
terized by robust production of IFN-y upon specific 
Ag re-exposure in vitro. Because this protein is highly 
conserved among Leishmania species, the research- 
ers evaluated the potential use of SMT to cross-protect 
against a different form of leishmaniasis. Formulated 
with MPL-SE, SMT was found to protect mice from 
CL caused by L. major 1891 . Mice immunized with the 
SMT/MPL-SE vaccine developed significantly smaller 
lesions following ear challenge with L. major. The re- 
searchers deduced that the vaccine preparation induced 
antigen-specific multi-functional CD4 + T cells capable 
of producing IFN-y, IL-2, and/or TNF-a upon antigen 
re-exposure. They suggested that SMT is a promising 
vaccine antigen for multiple forms of leishmaniasis. 



The Leishmania-denved recombinant polyprotein, 
Leish-lllf, multicomponent vaccine, has been as- 
sessed in clinical trials. Leish-lllf is a single poly- 
protein composed of three molecules fused in tandem: 
the L. major homologue of eukaryotic thiol-specific 
antioxidant, TSA; the L. major stress-inducible pro- 
tein-1, LmSTIl; and the L. braziliensis elongation and 
initiation factor, LeIF [2 ] . Initial immunization trials in 
mice demonstrated that Leish-lllf was able to protect 
mice against L. major and L. amazonensis infection 1911 . 
There is some evidence that the Leish-lllf vaccine 
can also induce partial protection against VL in ani- 
mal models; however, it failed to protect dogs against 
infection and did not prevent disease development in 
dogs 1921 . The Leish-lllf or its three component pro- 
teins have previously been demonstrated to be effica- 
cious against cutaneous or mucosal leishmaniasis in 
mice, nonhuman primates, and humans 1911 . In another 
study, the Leish-lllf was reported as a vaccine anti- 
gen candidate against VL caused by L. infantum. The 
Leish-lllf+MPL-SE product reported in this study is 
the first defined vaccine for leishmaniasis in human 
clinical trials and has completed phase 1 and 2 safety 
and immunogenicity testing in normal, healthy human 
subjects 19 ' 1 . Analysis of the cellular immune responses 
of immunized, uninfected mice demonstrated that the 
vaccine induced a significant increase in CD4 + T cells 
producing IFN-y, IL 2, and TNF cytokines, indicat- 
ing a Thl-type immune response. A slightly improved 
version of the original construct, Leish- HOf, has also 
been tested in dogs as a therapeutic vaccine in com- 
bination with chemotherapy and has led to a reduced 
number of deaths and higher survival probability 1911 . 

Naked DNA vaccines 

Immunization with naked DNA is a relatively new 
approach, which promises to revolutionize the pre- 
vention and treatment of infectious diseases 19 '^ 96 ' 97 ' 981 . 
In this approach, genes encoding the target proteins 
are cloned into a mammalian expression vector, and 
the DNA is directly injected intradermally or intra- 
muscularly. DNA vaccines include single or multiple 
antigenic DNA molecules using combination of plas- 
mids encoding various antigens. These vaccines are 
extremely safe as they do not contain any pathogenic 
organism that may revert in virulence 1991 . The mecha- 
nism by which DNA vaccination generates potent im- 
mune responses appears to be through the activation 
of innate immune responses by the non-methylated 
DNA sequences of bacteria and the intense replication 
within the host, leading to the expression of the re- 
combinant proteins for longer periods. DNA is a very 
stable molecule, especially when compared to recom- 
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binant or live attenuated vaccines. Being stable greatly 
facilitates storage and distribution in tropical settings 
with limited health infrastructure. The huge costs as- 
sociated with the cold chain delivery system of the 
vaccine from the laboratory to the persons immunized 
with this vaccine may be an offset. The vaccine need 
not be kept in a cold or freezing container to maintain 
its efficacy and, because DNA vaccines are stable, 
the costs of this delivery system will be negligible. 
Administration is also easy and multiple plasmids can 
be combined for the elaboration of multivalent vac- 
cines' 641 . There have been several studies conducted on 
potential DNA vaccines against Leishmania. Hand- 
man et al. 11001 demonstrated that DNA vaccines can be 
used therapeutically to treat CL caused by L. major in 
both genetically resistant C3H/He mice and suscepti- 
ble BALB/c mice. This is an important finding which 
demonstrates that DNA vaccines may have a role to 
therapeutically cure disease in both susceptible and 
resistant individuals. In previous studies, vaccinations 
with DNA encoding gp63, LACK, and PSA-2 all pro- 
tected both genetically resistant and susceptible mice 
from infection with L. major 11 ' S2 ' im . Protection was 
accompanied by Thl immune responses. Unexpected- 
ly, protection induced by LACK depended on CD8 + T 
cells, and depletion of this population abrogated pro- 
tection [82] . In more recent studies, Rodriguez-Cortes 
et al. found that a multiantigenic DNA vaccine en- 
coding KMII, TRYP, LACK and gp63 did not protect 
dogs against L. infantum experimental challenge, de- 
spite the hypothesis that an effective immune response 
was more likely to be generated following exposure 
to more than one antigen. Conversely, Carter et al. [1021 
found that intramuscular DNA vaccination against the 
parasite enzyme gammaglutamylcysteine synthetase 
conferred protection against L. donovani in BALB/c 
mice. The results of these studies indicate that multi- 
antigenic vaccines do not necessarily confer better 
protection against Leishmania infection. However, 
these studies used different species of Leishmania so 
it is not possible to directly compare the findings. 

Live-attenuated Leishmania vaccines 

In theory, avirulent microorganism can be generated 
by defined genetic alteration, eliminating the risk of 
parasite reversion to the virulent phenotype. By mim- 
icking the natural infection, live-attenuated parasites 
can deliver a complete spectrum of antigens to the 
antigen presenting cells, in principle leading to a bet- 
ter immune response that results in a better protective 
outcome than that observed following immunization 
with a subunit vaccine [M . With only a small number 
of vaccination studies having so far tested Leishmania 



attenuated strains, the live-attenuated anti-leishmanial 
vaccine is still at its early stages of development. 
Vaccination with dihydrofolate reductase thymidylate 
synthase (dhfr-ts) knockout parasites led to protection 
in a mouse model' 1031 , but failed to protect monkeys 
against L. major infectious challenge 124 ' 1041 . Deletion 
of serine protease (CP) in L. mexicana led to an at- 
tenuated strain capable of triggering partial protection 
against homologous challenge in animal models [llfol . 
These moderately encouraging results were thought 
to be due to rapid elimination of parasites by the 
host, since knockout parasites were not persistent. 
Conversely, L. major parasites lacking the lpg2 gene 
persisted in mice without pathology and were able to 
confer protection against homologous infection 11061 . 
However, over time these mutants regained their abil- 
ity to cause disease in the absence of the lpg2 gene 
through an unknown compensatory mechanism 11071 , 
suggesting that persistence may not be a desirable 
feature of a live-attenuated vaccine. Recently, L. do- 
novani centrin null mutants (LdCEN-/-) have been 
reported to have selective growth arrest in the amas- 
tigote stage of development, but were viable in culture 
as promastigotes 11081 . Centrin is a calcium-binding 
cytoskeletal protein involved in the duplication of 
centrosomes in higher eukaryotes. These mutants were 
unable to survive in vitro in human macrophages, 
and animals vaccinated with LdCEN-/- mutants were 
protected against homologous as well as heterologous 
challenge. The lack of centrin expression in axenic 
amastigotes affected specifically their growth in vitro 
as well as in macrophages. Such a defect in surviva- 
bility in macrophages may be an indication of the lack 
of parasite virulence, and therefore these LdCEN-/- 
parasites could be further tested as a potential vaccine 
against leishmaniasis 110 ' 1 . Mice immunized with Ld- 
CEN-/- cells showed clearance of virulent challenge 
parasites in 10 weeks after challenge, with signifi- 
cantly reduced parasite burden in the spleen and no 
parasites in the liver. In contrast, high parasite loads 
were observed in the challenged mice previously im- 
munized with heat-killed parasites, or unimmunized. 
At 10 weeks post virulent challenge, the immunized 
mice displayed, among the CD4 + T-cell population, 
a significant increase of single and multiple Thl type 
cytokine (IFN-y, IL-2, and TNF-a) producing T cells 
and increase in IFNy/IL-10 ratio compared to non- 
immunized naive mice infected with wild type para- 
sites. The naive challenged mice displayed a reduced 
Thl response and increased IL-10, a Th2 polarization 
accompanied by increased parasite burden in the or- 
gans. LdCen-/- immunized mice additionally showed 
increased IgG2a and NO production 11101 . It was dem- 
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onstrated that L. major phosphomannomutase (PMM) 
deficient mutants were able to protect susceptible mice 
against infection via an increased magnitude of T cell 
responses and suppression of IL-10 and IL-13 produc- 
tion early during infection 11111 . L. tarentolae parasites 
expressing the A2 virulence gene have been evaluated 
as a novel candidate vaccine against murine VL [20] . 
The results indicated that a single intraperitoneal 
administration of the A2-recombinant L. tarentolae 
strain protected BALB/c mice against L. infantum 
challenge and that protective immunity was associated 
with high levels of IFN-y production prior to and after 
challenge. More recently, the immunoprotective abil- 
ity of an L. infantum deletion mutant lacking HSP70 
type II gene was evaluated as a live vaccine against 
murine L. major disease 11121 . Administration of the 
mutant parasite either by intraperitoneal, intravenous 
or subcutaneous route in the BALB/c model invariably 
led to the production of high levels of NO and the de- 
velopment of type 1 immune responses that were pro- 
tective against L. major challenge. The vaccine was 
also associated with high safety levels. Another ap- 
proach to attenuating Leishmania parasites is the ad- 
dition of suicide cassettes that lead to the death of the 
parasite in response to external stimuli 1241 . An example 
of which is the introduction of drug-sensitive genes 
such as Saccharomyces cerevisiae cytosine deaminase 
gene which is sensitive to 5-fluorocytosine 11131 . It has 
been suggested that parasites carrying drug-sensitive 
cassettes could provide suitable candidates for leish- 
manization as an effective treatment of non-resolving 
lesions could be guaranteed 111 ' 51 . Alternatively, para- 
sites can be modified to produce biological substances 
that activate immune attack, such as granulocyte 
macrophage colony stimulating factor (GM-CSF) 111 ' 1 . 
Attenuated vaccines offer a novel approach to im- 
munization against leishmaniasis; however, there are 
fears that the parasite may revert to a virulent form. 
Furthermore, targeted deletion of essential virulence 
genes can result in complete destruction of the para- 
site or mutants that only delay lesion development 1301 . 
These problems may make the use of killed parasites 
more attractive for vaccine candidates. 

Development of canine Leishmania vaccines 

Leishmania animal reservoirs pose a big obstacle 
in the control of human leishmaniasis. Eliminating 
animal reservoirs has been an essential public health 
tool for the control of many zoonotic diseases 1115 ' 1161 . 
Canines, particularly domestic dogs, are the main 
reservoir for VL species and are considered the main 
source of zoonotic transmission to humans. The de- 
velopment of an effective CVL vaccine represents 



a cost-effective tool for interrupting the transmis- 
sion cycle and controlling zoonotic VL infection 
in humans. CVL is widespread throughout South 
America 1121 and the Mediterranean 1131 where L. infan- 
tum is the most significant causative agent of disease. 
Asymptomatic infection is common in dogs and, as 
a large reservoir of parasites are present in the skin, 
asymptomatic animals are a major source of infection 
for vector transmission 1211 . Human VL is an emerging 
disease in many areas of the world, including North- 
ern Europe 111 ' 1 and North America 111 " 1 , and the spread 
of VL into nonendemic areas is often preceded by in- 
creased incidence of canine infections. There is con- 
cern that increased mobility of dogs and changes in 
vector habitat will result in increased transmission of 
human VL in previously nonendemic areas 11191 . Treat- 
ment of CVL shows low efficacy with drugs suc- 
cessfully used for human VL chemotherapy, and drug 
treatment of dogs rarely results in cure 11201 . Control 
programs for CVL have a demonstrated capacity to 
reduce the prevalence of human VL disease following 
interventions that target dog populations in endemic 
regions 11211 . However, these public health campaigns 
are often complex and expensive to maintain, leading 
to varying degrees of efficacy. The use of insecticide- 
impregnated collars can reduce the risk of contract- 
ing CVL 11221 , but is costly and difficult to implement 
at the national level. The culling of seropositive dogs 
has long been recommended in Brazil; however, this 
approach has not led to a reduction in the number 
of human VL cases and may be of limited value 11231 . 
Therefore, the development of vaccines against CVL 
is an attractive approach to controlling infection in 
dogs, reducing the parasite reservoir and thus reduc- 
ing the risk of transmission of VL to human popula- 
tions. Immunological characterisation of CVL reveals 
cellular and humoral immune responses comparable 
to human infection, including immune dysregulation 
and increased IL-10 which is associated with disease 
manifestation and progression 11241 . Disease resistance 
is associated with strong Thl-type immune responses, 
including IFN-y expression by antigen-specific T 
cells. Thus, analogous to a human VL vaccine, an ef- 
fective CVL vaccine needs to induce strong and long- 
lasting cell-mediated immunity. Adjuvant choice must 
be carefully considered for CVL interventions, as live 
BCG is not appropriate for use in dogs and the iden- 
tification of appropriate and effective adjuvants will 
be essential for safe and effective CVL vaccines 11251 . 
In addition, sand fly components are being considered 
for inclusion in CVL vaccine. Reactive antibodies to 
two sand fly saliva components (LuLo-D7 and LuLo 
YELLOW) were identified in infected dogs and pro- 
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posed as possible vaccine candidates against CVL . 
Evaluation of a killed Leishmania vaccine contain- 
ing sand fly saliva extract indicated that the vaccine is 
highly immunogenic and provided support for further 
development of saliva components as candidates for 
anti-VL vaccine [127] . This is supported by vaccina- 
tion studies using the hamster VL model, showing 
that the salivary protein LJM19 was able to protect 
hamsters from fatal infection with L. infantum luS] . In 
addition, immunization with salivary proteins LJM17 
and LJL143 induced strong cellular and humoral re- 
sponses in dogs and might be an advantageous addi- 
tion to anti-CVL vaccine 11291 . Currently, there are two 
commercially available CVL vaccines, Leishmune 
and Leishtec. New vaccines under development in- 
clude recombinant antigen vaccines and both live 
and killed whole-cell vaccines. The Leishmune vac- 
cine produced by Fort Dodge Animal Health was the 
first commercially licensed vaccine for CVL and has 
been available in Brazil since 2004 [130] . This vaccine 
consists of the fucose mannose ligand (FML) isolated 
from L. donovani plus a saponin adjuvant. FML is a 
glycoprotein mixture, and the surface glycoconjugate 
GP36 is the major immunogen component 1571 . This 
vaccine induced a significant and strong protective 
effect during phase III trials in dogs living in a VL- 
endemic area in Brazil with a vaccine efficacy as high 
as 80% 1 . This protection lasted up to 3.5 years 
following vaccination, indicating induction of a long- 
lasting immunity 1 91 . Since Leishmune-vaccinated 
dogs showed a complete absence of parasites, they are 
noninfectious and this contributes to the breakdown 
of the zoonotic VL transmission cycle 11321 . During 
phase III trials of Leishmune, there was a concomitant 
reduction in human VL cases in districts where dogs 
were vaccinated 11 " 1 , demonstrating that CVL vaccina- 
tion interrupts the transmission of disease to humans. 
FML antigens are present on the surface of Leishma- 
nia parasites throughout the life cycle, and antibod- 
ies raised in vaccinated dogs prevented the binding 
of procyclic promastigotes to the sand fly midgut 11331 . 
Thus, Leishmune acts as a transmission blocking vac- 
cine by clearing parasites from the animal reservoir 
and preventing the survival of the parasite in the sand 
fly vector. Currently, the Leishmune vaccine is used as 
a prophylactic and is recommended for asymptomatic 
noninfected dogs. However, studies show that Leish- 
mune is effective as a therapeutic vaccine for naturally 
infected dogs 1 , particularly when given in combina- 
tion with chemotherapy 11351 . Emerging wide-scale field 
studies reveal that Leishmune decreases the incidence 
of both human and canine VL after dog vaccination 
with Leishmune 11 ^. Leish-Tec, another canine vacine 



is being commercially developed by Hertape Calier 
Saude Animal and consists of adenovirus expressing 
the L. donovani A2 antigen. Whilst the results from 
phase-Ill trials of Leish-Tec are yet to be published, 
it is known that immunization with a recombinant A2 
protein elicits protection against the onset of clinical 
VL in experimental dog infections 11371 . The recom- 
binant adenovirus encoding the A2 gene was capable 
of inducing strong Thl-type immune responses in 
vaccinated mice and reduced parasite burdens follow- 
ing challenge with VL parasites 113 " 1 . Together, these 
studies indicate that A2 is an important candidate an- 
tigen for the development of CVL vaccines, and future 
studies should report the impact of this intervention 
on both canine and human VL infection. As many of 
the clinical and immunological features of CVL are 
similar to those observed in human VL, experimen- 
tal challenge in dogs represents a useful system for 
evaluating the efficacy of vaccine candidates. The 
Leish-lllf + MPL-SE vaccine is a leading vaccine 
candidate from human VL and has shown therapeutic 
efficacy in recent CVL trials 11391 . Live attenuated para- 
site vaccines are also being explored in canine models, 
including a drug-attenuated line of L. infantum estab- 
lished by culturing promastigotes under gentamicin 
pressure. The attenuated L. infantum vaccine strain did 
not induce clinical symptoms of VL in dogs and pro- 
vided protection from subsequent challenge with live 
virulent L. Infantum 1 . The elimination of human VL 
will be difficult to achieve in the presence of persist- 
ing animal reservoirs, and veterinary intervention is an 
important tool for reducing the global burden of hu- 
man VL disease. The identification of measurable and 
reliable biomarkers of immunogenicity and protection 
induced by CVL vaccines may also be informative for 
human VL vaccine efforts. 

CONCLUSION 

Preventive vaccines are recognized as the best 
and most cost-effective protection measure against 
pathogens, and are saving millions of lives every year 
across the globe. Leishmania vaccine development has 
proven to be a difficult and challenging task, which is 
mostly hampered by inadequate knowledge of parasite 
pathogenesis and the complexity of immune responses 
needed for protection. It is highly unlikely that a suc- 
cessful antileishmanial vaccine will be based on a 
single antigen. Combination vaccines composed of 
multiple antigens and well-developed adjuvants, such 
as Leish-lllf and MPL-SE and Montanide ISA 720 
have the best chances to succeed. Additional clini- 
cal trials should soon provide important information 
on the potential use of this combination. Consider- 
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ing the poor protective efficacy of killed vaccines and 
difficulties in formulating a subunit vaccine, the use 
of live-attenuated strains represents a promising al- 
ternative. At the moment, major safety concerns and 
manufacturing considerations place this type of anti- 
Leishmania vaccines in the distant future. Our under- 
standing of T cell determinants needed for long-lasting 
protective immunity, while still fragmentary, offers 
hope for development of new strategies for effective 
T cell vaccines. The main concerns are reliable corre- 
lates of immunity that need to be developed in order to 
evaluate vaccines, and the development of an efficient 
delivery system and improved adjuvants. Addition- 
ally, the elimination of human VL will be difficult to 
achieve in the presence of persisting animal reservoirs, 
and veterinary intervention is an important tool for 
reducing the global burden of human VL disease. The 
identification of measurable and reliable biomarkers 
of immunogenicity and protection induced by CVL 
vaccines may also be informative for human vaccine 
efforts. Given the rapid progress in the fields of para- 
site immunology and genetic engineering, a successful 
anti-Leishmania vaccine should be achievable in the 
near future. Based on the past and present experience 
on Leishmania vaccine studies, it appears that future 
experiments should include appropriate adjuvants as 
components in order to achieve effective vaccines 
against human leishmaniasis. 

References 

[1] Dumonteil E, Jesus MRS, Javier EO, del Rosario MGM. 
DNA vaccines induce partial protection against Leish- 
mania mexicana. Vaccine 2003; 21: 2161-8. 

[2] Vanloubbeeck Y, Jones D. The immunology of Leish- 
mania infection and the implications for vaccine devel- 
opment. Ann N Y Acad Sci 2004; 1026: 267-72. 

[3] Special program for research and training in tropical dis- 
eases (TDR). Research to support the elimination of vis- 
ceral leishmaniasis. Annual report 2009. World Health 
Organization. TDR/BL10.10 Geneva. 2010. 

[4] Bern C, Maguire JH, Alvar J. Complexities of assessing 
the disease burden attributable to leishmaniasis. PLos 
Negl Trop Dis 2008; 2: e313. 

[5] Chevalier B, Carmoi T, Sagui E, Carrette P, Petit D, De 
Mauleon P, et al. Report of the first cases of cutaneous 
leishmaniasis in East Timor. Clin Infect Dis 2000; 30: 
839-40. 

[6] Kongkaew W, Siriarayaporn P, Leelayoova S, Supparat- 
pinyo K, Areechokchai D, Duang-ngern P, et al. Auto- 
chthonous visceral leishmaniasis: a report of a second 
case in Thailand. Southeast Asian J Trop Med Public- 
Health 2007; 38: 8-12. 

[7] Rose K, Curtis J, Baldwin T, Mathis A, Kumar B, Sak- 
thianandeswaren A, et al. Cutaneous leishmaniasis in red 
kangaroos: Isolation and characterization of the causa- 



tive organisms, hit J Parasitol 2004; 34: 655-64. 

[8] World Health Organization (WHO). Control of Leish- 
maniasis. Report by the Secretariat; Sixth World Health 
Assembly. A60/10 Provisional agenta item 12.3. 2007. 

[9] Croft S, Sundar S, Fairlamb H. Drug resistance in leish- 
maniasis. Clin Microbiol Rev 2006; 19: 111-6. 

[10] Rodriguez-Cortes A, Ojeda A, Lopez-Fuertez L, Timon 
M, Altet L, Solano-Gallego L, et al. Vaccination with 
plasmid DNA encoding KMPII, TRYP, LACK, and 
GP63 does not protect dogs against Leishmania infan- 
tum experimental challenge. Vaccine 2007; 25: 7962- 
71. 

[11] Reithinger R, Dujardin JC, Louzir H, Pirmez C, Alex- 
ander B, Brooker S. Cutaneous leishmaniasis. Lancet 
Infect Dis 2007; 7: 581-96. 

[12] Dantas-Torres F. Canine leishmaniosis in South Ameri- 
ca. Parasit Vect 2009; 2(S1): 1. 

[13] Postigo JAR. Leishmaniasis in the World Health Organi- 
zation Eastern Mediterranean Region. Intern J Antimi- 
crob Agents 2010; 36(S) : 62-5. 

[14] Stanley AC, Engwerda CR. Balancing immunity and pa- 
thology in visceral leishmaniasis. Immunol Cell Biol 
2007; 85: 138-47. 

[15] Reiner SL, Locksley MR. The regulation of immunity to 
Leishmania major. Ann Rev Immunol 1995; 13: 151-77. 

[16] Stern JJ, Oca MJ, Rubin BY, Anderson SL, Murray HW. 
Role of L3T4+ and Lyt-2+ cells in experimental visceral 
leishmaniasis. J Immunol 1988; 140: 3971-77. 

[17] Kharazmi A, Kemp K, Ismail A, Gasim S, Gaafar A, 
Kurtzhals JA, et al. T-cell response in human leishma- 
niasis. Immunology Letters 1999; 65: 105-8. 

[18] Melby PC, Anstead GM. Immune responses to protozoa. 
In: Clinical immunology: principles and practices. Rich 
RR, Fleisher TA, Shearer WT, Kotzin BL, Schroder Jr 
HW, Editors, 2nd Edition. Mosby Intern Limited: Mos- 
by, 2001; 29: 1-29.13. 

[19] Stager S, Smith DF, Kaye PM. Immunization with a re- 
combinant stage-regulated surface protein from Leish- 
mania donovani induces protection against visceral 
leishmaniasis. J Immunol 2000; 165: 7064-71. 

[20] Mizbani A, Taheri T, Zahedifard F, Taslimi Y, Azizi H, 
Azadmanesh K, et al. Recombinant Leishmania taren- 
tolae expressing the A2 virulence gene as a novel can- 
didate vaccine against visceral leishmaniasis. Vaccine 
2010; 28: 53-62. 

[21] Lima LUVR, Carneiro LA, Campos MB, Chagas EJ, 
Laurenti MD, Corbett CEP, et al. Canine visceral leish- 
maniasis due to Leishmania (L.) infantum chagasi in 
Amazonian Brazil: comparison of the parasite density 
from the skin, lymph node and visceral tissues between 
symptomatic and asymptomatic, seropositive dogs. Rev 
Instituto Med Trop Sao Paulo 2010; 52: 259-65. 

[22] Garg R, Dube A. Animal models for vaccine studies for 
visceral leishmaniasis. Indian J Med Res 2006; 123: 
439-54. 

[23] Nylen S, Gautam S. Immunological perspectives of 



98 



Mutiso JM et al. The Journal of Biomedical Research, 2013, 27 



leishmaniasis. J Global Infect Dis 2010; 2: 135-46. 
[24] Khamesipour A, Rafati S, Davoudi N, Maboudi F, Mo- 
dabber F. Leishmaniasis vaccine candidates for devel- 
opment: A global overview. Indian J Med Res 2006; 
123: 423-38. 

[25] Coler RN, Reed S. Second generation vaccines against 
leishmaniasis. Trend Parasitol 2005; 21: 244-9. 

[26] Bray RS, Modabber F. The history of leishmaniasis. In: 
Gilles HM, editor. Protozoal Diseases. New York & 
London: Hodder Arnold Publisher: 2000; 414-9. 

[27] Senekji HA, Beattie CP. Artificial infection and immu- 
nization of 368 men with cultures of L. tropica. Trans R 
Soc Trop MedHyg 1941; 369: 415-9. 

[28] Greenblatt CL. The present and future of vaccination 
for cutaneous leishmaniasis. In: Mizrahi A, Hertman I, 
Klingberg MA, Kohn A, editors. New developments with 
human and veterinary vaccine. New York: Alan R Liss 
Inc, 1980; 259-85. 

[29] Handman E. Leishmaniasis: current status of vaccine de- 
velopment. Clin Microbiol Rev 2001; 14: 229-43. 

[30] Breton M, Tremblay M, Ouellette M, Papadopoulou B. 
Live non-pathogenic vectors as a candidate vaccine 
against visceral Leishmaniasis. Infect Immun 2005; 73: 
6372-82. 

[31] Roberts MTM. Current understandings on the immunol- 
ogy of leishmaniasis and recent developments in pre- 
vention and treatment. British Med Bullet 2006; 75/76: 
115-30. 

[32] Sergiev VP. Control and prophylaxis of cutaneous leish- 
maniasis in the middle Asia republics of the former 
USSR. Bull Soc Fran Parasit 1992; 10: 183-4. 

[33] Gafurov IM. Experience in controlling and preventing 
zoonotic cutaneous leishmaniasis in Uzbekistan. Med 
Parazitol (Mosk) 1999; 1: 58-9. 

[34] Genaro O, de Toledo VP, Da Costa CA, Hermeto MV, 
Afonso LC, Mayrink W. Vaccine for prophylaxis and 
immunotherapy. Brazil. Clin Dermatol 1996; 14: 503-12. 

[35] Velez ID, del Pilar-Agudelo S, Arbelaez MP, Gilchrist 
K, Robledo SM, Puerta JA, et al. Safety and immuno- 
genicity of a killed Leishmania (L.) amazonensis vac- 
cine against cutaneous leishmaniasis in Colombia: a 
randomized controlled trial. Trans R Soc Trop Med Hyg 
2000; 94: 698-703. 

[36] Velez ID, Gilchrist K, Arbelaez MP, Rojas CA, Puerta 
JA, Antunes CM, et al. Failure of a killed Leishmania 
amazonensis vaccine against American cutaneous leish- 
maniasis in Colombia. Trans R Soc Trop MedHyg 2005; 
99: 593-8. 

[37] Armijos RX, Weigel MM, Calvopina M, Hidalgo A, 
Cevallos W, Correa J. Safety, immunogenecity, and ef- 
ficacy of an autoclaved Leishmania amazonensis vac- 
cine plus BCG adjuvant against New World cutaneous 
leishmaniasis. Vaccine 2004; 22: 1320-6. 

[38] Convit J, Castellanos PL, Rondon AJ, Pinardi ME, Ul- 
rich M, Castes M, et al. Immunotherapy versus chemo- 
therapy in localized cutaneous leishmaniasis. Lancet 
1987; 1: 401-5. 



[39] Jackson MP, Pinto J, da Costa CA, Genaro O, Marques 
MJ, Modabber F, et al. Immunochemotherapy for cu- 
taneous leishmaniasis: a controlled trial using killed 
Leishmania amazonensis vaccine plus antimonial. Inter 
J Dermatol 2002; 41: 73-8. 

[40] Convit J, Ulrich M, Zerpa O, Aranzazu N, Valera M, 
Villaroel H, et al. Immunotherapy of American cutane- 
ous leishmaniasis in Venezuela, 1990 to 1999. Trans R 
Soc Trop Med Hyg 2003; 97: 1-4. 

[41] Armijos RX, Weigel MM, Aviles H, Maldonado R, 
Racines J. Field trial of a vaccine against New World 
cutaneous leishmaniasis in an at-risk child population: 
safety, immunogenicity, and efficacy during the first 12 
months of follow-up. J Infect Dis 1998; 177: 1352-7. 

[42] Bahar K, Dowlati Y, Shidani B, Alimohammadian MH, 
Khamesipour A, Ehsasi S, et al. Comparative safety and 
immunogenicity trial of two killed Leishmania major 
vaccines with or without BCG in human volunteers. Clin 
Dermatol 1996; 14: 489-95. 

[43] Dowlati Y, Ehsasi S, Shidani B, Bahar K. Stepwise safety 
trial of a killed Leishmania vaccine in Iran. Clin Der- 
matol 1996; 14: 497-502. 

[44] Momeni AZ, Jalayer T, Emamjomeh M, Khamesipour A, 
Zicker F, Labaf-Ghasemi R, et al. A randomized, double 
blind, controlled trial of a killed L. major vaccine plus 
BCG against zoonotic cutaneous leishmaniasis in Iran. 
Vaccine 1999; 17: 466-72. 

[45] Sharifi I, FeRri A, Aflatonian M, Khamesipour A, Nadim 
A, Mousavi MRA, et al. Randomized vaccine trial of 
a single dose of killed Leishmania major plus BCG 
against anthroponotic cutaneous leishmaniasis in Bam, 
Iran. Lancet 1998; 351: 1540-3. 

[46] Khalil EA, El Hassan AM, Zijlstra EE, Mukhtar MM, 
Ghalib HW, Musa B, et al. Autoclaved Leishmania ma- 
jor vaccine for prevention of visceral leishmaniasis: a 
randomised, double-blind, BCG-controlled trial in Su- 
dan. Lancet 2000; 356: 1565-9. 

[47] Dube A, Sharma P, Srivastava JK, Misra A, Naik S, 
Katiyar JC. Vaccination of langur monkeys (Presbytis 
entellus) against Leishmania donovani with autoclaved 
L. major plus BCG. Parasitol 1998; 116: 219-21. 

[48] Kenney RT, Sacks DL, Sypek JP, Vilela L, Gam AA, 
Davis KE. Protective immunity using recombinant hu- 
man IL-12 and alum as adjuvants in a primate model of 
cutaneous leishmaniasis. J Immunol 1999; 163: 4481-8. 

[49] Gicheru MM, Olobo JO, Anjili CO, Orago AS, Modab- 
ber F, Scott P. Vervet Monkeys vaccinated with killed 
Leishmania major parasites and Interleukin-12 develop 
a type 1 immune response but are not protected against 
challenge infection. Infect lmmun 2001; 69: 245-51. 

[50] Misra A, Anuradha D, Bindu S, Preeti S, Srivastava JK, 
Katiyar JC. Successful vaccination against Leishmania 
donovani infection in Indian langur using alum-precip- 
itated autoclaved Leishmania major with BCG. Vaccine 
2001; 19: 3485-92. 

[51] Mohebalia M, Khamesipour A, Mobedi I, Zareia Z, 
Hashemi-Fesharki R. Double blind randomized efficacy 



Development of Leishmania vaccines 



99 



field trial of alum precipitated autoclaved Leishmania 
major vaccine mixed with BCG against canine visceral 
leishmaniasis in Meshkin-shahr district I.R. Iran. Vac- 
cine 2004; 22: 4097-100. 

[52] Kamil AA, Khalil EAG, Musa AM, Modabber F, 
Mukhtar MM, Ibrahim ME, et al. Alum-precipitated 
autoclaved Leishmania major plus bacille Calmette- 
Gue'rrin, a candidate vaccine for visceral leishmaniasis: 
safety, skin-delayed type hypersensitivity response and 
dose finding in healthy volunteers. Trans R Soc Trop 
MedHyg 2003; 97: 365-8. 

[53] Khalil EAG, Nahla B, Ayed NB, Musa AM, Ibrahim ME, 
Mukhtar MM, et al. Dichotomy of protective cellular 
immune responses to human visceral leishmaniasis. Clin 
Exp Immunol 2005; 140: 349-53. 

[54] Mutiso JM, Macharia JC, Kariuki TM, Gicheru MM. 
(2009) Montanide ISA 720 is more effective than BCG 
as an adjuvant for Leishmania killed vaccine in BALB/c 
mice. 1MB 2009; 7: 107-16. 

[55] Mutiso JM, Macharia JC, Taracha E, Gicheru MM. 
Leishmania donovani whole cell antigen delivered with 
adjuvants protects against visceral leishmaniasis in vervet 
monkeys (Chlorocebus aethiops). J Biomed Res 2012; 
26: 8-16. 

[56] Musa AM, Khalil EA, Mahgoub FA, Elgawi SH, Mo- 
dabber F, Elkadaru AE, et al. Immunochemotherapy of 
persistent post-kala-azar dermal leishmaniasis: a novel 
approach to treatment. Trans Roy Soc Trop Med Hyg 
2008; 102: 58-63. 

[57] Palatnik-de-Sousa CB, Dutra HS, Borojevic R. Leishma- 
nia donovani surface glycoconjugate GP63 is the major 
immunogen component of the fucose-mannose ligand 
(FML). Acta Trop 1993; 53: 59-72. 

[58] Palatnik-de-Sousa CB, Paraguai de Souza E, Gomes EM, 
Borojevic R. Experimental murine Leishmania donovani 
infection: Immunoprotection by the fucose-mannose 
ligand (FML). Braz J Med Biol Res 1994; 27: 547-51. 

[59] Borja-Cabrera GP, Correia Pontes NN, da Silva VO, 
Paraguai de Sousa E, Santos WR, Gomes EM. Long 
lasting protection against canine kala-azar using FML- 
Quil A saponin vaccine in an endemic area of Brazil. 
Vaccine 2002; 20: 3277-84. 

[60] Afrin F, Ali N. Adjuvanticity and protective immunity 
elicited by Leishmania donovani antigens encapsulated 
in positively charged liposomes. Infect Immun 1997; 65: 
2371-7. 

[61] Tonui WK, Mejia JS, Hochberg L, Mbow ML, Ryan JR, 
Chan AST, et al. Immunization with Leishmania major 
exogenous antigens protects susceptible BALB/c mice 
against challenge infection with L. major. Infect Immun 
2004;72:5654-61. 

[62] Sharma SK, Dube A, Nadeem A, Khan S, Saleem I, Garg 
R, et al. Non-PC liposome entrapped promastigote an- 
tigens elicit parasite specific CD8+ and CD4+ T-cell 
immune response and protect hamsters against visceral 
leishmaniasis. Vaccine 2006; 24: 1800-10. 

[63] Shargh VH, Jaafari MR, Khamesipour A, Jaafari I, Jalali 



SA, Abbasi A, et al. Liposomal SLA co-incorporated 
with PO CpG ODNs or PS CpG ODNs induce the same 
protection against the murine model of leishmaniasis. 
Vaccine 2012; 30: 3957-64. 

[64] Liu MA, Wahren B, Hedestam GBK. DNA vaccines: 
Recent developments and future possibilities. Human 
Gene Therapy 2006; 17: 1051-61. 

[65] Kedzierski L. Leishmaniasis Vaccine: Where are we to- 
day? / Glob Infect Dis 2010; 2: 177-85. 

[66] Olobo JO, Anjili CO, Gicheru MM, Mbati PA, Kariuki 
TM, Githure JI, et al. Vaccination of vervet monkeys 
against cutaneous leishmaniasis using recombinant 
Leishmania major surface glycoprotein (gp63). Vet 
Parasitol 1995; 60: 199-212. 

[67] Jaafari MR, Badiee A, Khamesipour A, Samiei A, So- 
roush D, Kheiri MT, et al. The role of CpG ODN in 
enhancement of immune response and protection in 
BALB/c mice immunized with recombinant major sur- 
face glycoprotein of Leishmania (rgp63) encapsulated in 
cationic liposome. Vaccine 2007; 25: 6107-17. 

[68] Russo DM, Burns JM, Carvalho EM, Armitage RJ, 
Grabstein KH, Button LL, et al. Human T cell responses 
to gp63, a surface antigen of Leishmania. J Immunol 
1991; 147: 3575-80. 

[69] Bhowmick S, Ravindran R, Ali N. Gp63 in stable cati- 
onic liposemes confers sustained vaccine immunity to 
susceptible BALB/c mice infected with Leishmania do- 
novani. Infect Immun 2008; 76: 1003-15. 

[70] Badiee A, Jaafari MR, Khamesipour A, Samieia A, So- 
roush D, Kheiric MT, et al. Enhancement of immune 
response and protection in BALB/c mice immunized 
with liposomal recombinant major surface glycoprotein 
of Leishmania (rgp63): the role of bilayer composition. 
Colloids SurfB Biointerfaces 2009; 74: 37-44. 

[71] Mazumder S, Maji M, Das A, Ali N. Potency, efficacy 
and durability of DNA/DNA, DNA/protein and protein/ 
protein based vaccination using gp63 against Leish- 
mania donovani in BALB/c mice. PLoS One 2011; 6: 
el4644. 

[72] McMahon-Pratt D, Traub-Cseko Y, Lohman KL, Rog- 
ers DD, Beverley SM. Loss of the GP46/M-2 surface 
membrane glycoprotein gene family in the Leishmania 
braziliensis complex. Mol Biochem Parasitol 1992; 50: 
151-60. 

[73] Handman E, Osborn AH, Symons F, van Driel R, Cap- 
pai R. The Leishmania promastigote surface antigen 2 
complex is differentially expressed during the parasite 
life cycle. Mol Biochem Parasitol 1995; 74: 189-200. 

[74] Sjolander A, Baldwin TM, Curtis JM, Bengtsson LK, 
Handman E. Vaccination with recombinant parasite 
surface antigen 2 from Leishmania major induces a Thl 
type of immune response but does not protect against 
infection. Vaccine 1998; 16: 2077-84. 

[75] Kedzierski L, Montgomery J, Bullen D, Curtis J, Gar- 
diner E, Jimenez-Ruiz A, et al. A leucine-rich repeat 
motif of Leishmania parasite surface antigen 2 binds to 
macrophages through the complement receptor 3. J Im- 



100 



Mutiso JM et al. The Journal of Biomedical Research, 2013, 27 



munol 2004; 172: 4902-6. 

[76] Samant M, Gupta R, Kumari S, Misra P, Khare P, 
Kushawaha PK. Immunization with the DNA-encoding 
N-terminal domain of proteophosphoglycan of Leish- 
mania donovani generates Thl-type immunoprotective 
response against experimental visceral leishmaniasis. J [89] 
Immunol 2009; 183: 470-9. 

[77] Chavez-Fumagalli MA, Costa MA, Oliveira DM, Rami- 
rez L, Costa LE, Duarte MC, et al. Vaccination with 
the Leishmania infantum ribosomal proteins induces 
protection in BALB/c mice against Leishmania chagasi [90] 
and Leishmania amazonensis challenge. Microbes Infect 
2010; 12(12-13): 967-77. 

[78] Ramirez L, Iborra S, Cortes J, Bonay P, Alonso C, Bar- 
rel- Netto M. BALB/c mice vaccinated with Leishma- [91] 
nia major ribosomal proteins extracts combined with 
CpG oligodeoxynucleotides become resistant to disease 
caused by a secondary parasite challenge. / Biomed 
Biotechnol 2010; 181690. 

[79] Masina S, Gicheru MM, Demotz SO, Fasel NJ. Protec- [92] 
tion against cutaneous leishmaniasis in outbred Vervet 
Monkeys, using a recombinant Histone-1 antigen. J In- 
fect Dis 2003; 188: 1250-7. 

[80] Mougneau E, Altare F, Wakil AE, et al. Expression clon- 
ing of a protective Leishmania antigen. Science 1995; 
268: 563-6. [93] 

[81] Launois P, Maillard I, Pingel S, Swihart KG, Xenarios I, 
Acha-Orbea H, et al. IL-4 rapidly produced by V beta 4 
V alpha 8 CD4+ T cells instructs Th2 development and 
susceptibility to Leishmania major in BALB/c mice. [94] 
Immun 1997; 6: 541-9. 

[82] Gurunathan S, Sacks DL, Brown DR, Reiner SL, Charest 
H, Glaichenhaus N, et al. Vaccination with DNA encod- 
ing the immunodominate LACK parasite antigen confers 
protective immunity to mice infected with Leishmania 
major. J Exp Med 1997; 186: 1137-47. [95] 

[83] Julia V, Rassoulzadegan M, Glaichenhaus N. Resistance 

to Leishmania major induced by tolerance to a single [96] 
antigen. Science 1996; 18: 421-3. 

[84] Melby PC, Yang J, Zhao W, Perez LE, Cheng J. Leish- 
mania donovani p36(LACK) DNA vaccine is highly [97] 
immunogenic but not protective against experimental 
visceral leishmaniasis. Infect lmmun 2001; 69: 4719-25. [98] 

[85] Jensen KD, Sercarz EE, Gabaglia CR. Altered peptide 
ligands can modify the Th2 cell response to the im- 
munodominant 161-175 peptide of LACK {Leishmania [99] 
homolog for the receptor of activated C kinase). Mol 
Immunol 2009; 46: 366-74. 

[86] Dey A, Sharma P, Redhu N, Singh S. Kinesin motor do- [100] 
main of Leishmania donovani as a future vaccine candi- 
date. Clin Vaccine Immunol 2008; 15: 836-42. 

[87] Choudhury R, Das P, Bhaumik SK, De T, Chakraborti T. [101] 
In situ immunolocalization and stage-dependent expres- 
sion of a secretory serine protease in Leishmania do- 
novani and its role as a vaccine candidate. Clin Vaccine 
Immunol 2010; 17: 660-7. 

[88] Choudhury R, Das P, De T, Chakraborti T. 115 kDa [102] 



serine protease confers sustained protection to visceral 
leishmaniasis caused by Leishmania donovani via IFN-y 
induced down-regulation of TNF-a mediated MMP-9 
activity, lmmunobiol 2012; [Epub ahead of print] PMID: 
22440312. 

Goto Y, Bhatia A, Raman VS, Vidal SE, Bertholet S, 
Coler RN. Leishmania infantum sterol 24-c-methyl- 
transferase formulated with MPL-SE induces cross- 
protection against L. major infection. Vaccine 2009; 27: 
2884-90. 

Goto Y, Bogatzki LY, Bertholet S, Coler RN, Reed SG. 
Protective immunization against visceral leishmaniasis 
using Leishmania sterol 24-c-methyltransferase formu- 
lated in adjuvant. Vaccine 2007; 25: 7450-8. 
Skeiky YA, Coler RN, Brannon M, Stromberg E, Gree- 
son K, Crane RT, et al. Protective efficacy of a tandemly 
linked, multi-subunit recombinant leishmanial vaccine 
(Leish-lllf) formulated in MPL adjuvant. Vaccine 
2002; 20: 3292-303. 

Gradoni L, Manzillo VFV, Pagano A, Piantedosi D, de 
Luna R, Gramiccia M, Scalone A, et al. Failure of a 
multi-subunit recombinant leishmanial vaccine (MML) 
to protect dogs from Leishmania infantum infection and 
to prevent disease progression in infected animals. Vac- 
cine 2005; 23: 5245-51. 

Coler RN, Goto Y, Lisa B, Raman V, Reed SG. Leish- 
lllf, a recombinant polyprotein vaccine that protects 
against visceral leishmaniasis by elicitation of CD4+ T 
cells. Infect Immunol 2007; 75: 4648-54. 
Miret J, Nascimento E, Sampaio W, Franca JC, Fujiwara 
RT, Vale A, et al. Evaluation of an immuno-chemother- 
apeutic protocol constituted of N-methyl meglumine an- 
timoniate (Glucantime) and the recombinant Leish-llOf 
+ MPL-SE vaccine to treat canine visceral leishmaniasis. 
Vaccine 2008; 26: 1585-94 . 

Wahren B. Gene vaccines, lmmunotechnol 1996; 2: 77- 
83. 

Alarcon JB, Waine GW, McManus DP. DNA vaccines: 
technology and application as anti-parasite and anti- 
microbial agents. Adv Parasitol 1999; 42: 344-410. 
Seder RA, Gurunathan S. DNA vaccines — designer vac- 
cines for the 21st century. N Engl J Med 1999; 341: 277-8. 
Gurunathan S, Wu C, Freidag BL, Seder RA. DNA vac- 
cines: a key for inducing long-term cellular immunity. 
Curr Opin Immunol 2000; 12: 442-7. 
Eric D. DNA Vaccines again protozoan parasites: Ad- 
vances and challenges. J Biomed Biotechnol 2007; 10: 
1155-66. 

Handman E, Noormohammadi AH, Curtis JM, Baldwin 
T, Sjolander A. Therapy of murine cutaneous leishma- 
niasis by DNA vaccination. Vaccine 2000; 18: 3011-7. 
Walker PS, Scharton-Kersten T, Rowton ED, Hengge U, 
Bouloc A, Udey MC, et al. Genetic immunization with 
glycoprotein 63 cDNA results in a helper T cell type 1 
immune response and protection in a murine model of 
leishmaniasis. Hum Gene Ther 1998; 9: 1899-907. 
Carter K, Henriquez F, Campbell S, Roberts CW, Nok 



Development of Leishmania vaccines 



101 



A, Mullen AB, McFarlane E. DNA vaccination against 
the parasite enzyme gamma-glutamylcysteine synthetase 
confers protection against Leishmania donovani infec- 
tion. Vaccine 2007; 25: 4502-9. 

[103] Titus RG, Gueiros-Filho FJ, de Freitas LA, Beverley 

SM. Development of a safe live Leishmania vaccine line [115] 

by gene replacement. Proc Natl Acad Sci USA 1995; 92: 

10267-71. [116] 

[104] Amaral VF, Teva A, Oliveira-Neto MP, Silva AJ, Pereira 

MS, Cupolillo E, et al. Study of the safety, immuno- [117] 
genicity and efficacy of attenuated and killed Leishma- 
nia major vaccines in a rhesus monkey (Macaca mulat- 
ta) model of the human disease. Mem Inst Oswaldo Cruz 
2002; 97: 1041-8. 

[105]Saravia NG, Escorcia B, Osorio Y, Valderrama L, [118] 
Brooks D, Arteaga L, et al. Pathogenicity and protective 
immunogenicity of cysteine proteinase-deficient mutants 
of Leishmania mexicana in non-murine models. Vaccine 
2006;24:4247-59. [119] 

[106] Uzonna JE, Spath GF, Beverley SM, Scott P. Vaccina- 
tion with phosphoglycan-deficient Leishmania major [120] 
protects highly susceptible mice from virulent challenge 
without inducing a strong Thl response. J Immunol [121] 
2004; 172: 3793-7. 

[107] Spath GF, Lye LF, Segawa H, Turco SJ, Beverley SM. 
Identification of a compensatory mutant (Ipg2-REV) of 
Leishmania major able to survive as amastigotes within [122] 
macrophages without LPG2-dependent glycoconjugates 
and its significance to virulence and immunization strat- 
egies. Infect Immun 2004; 72: 3622-7. 

[108] Selvapandiyan A, Debrabant A, Duncan R, Muller J, 

Salotra P, Sreenivas G, et al. Centrin gene disruption [123] 
impairs stage-specific basal body duplication and cell 
cycle progression in Leishmania. J Biol Chem 2004; 
279: 25703-10. 

[109] Selvapandiyan A, Dey R, Nylen S, Duncan R, Sacks D, [124] 
Nakhasi HL. Intracellular replication-deficient Leish- 
mania donovani induces long lasting protective im- 
munity against visceral leishmaniasis. J Immunol 2009; 
183: 1813-20. [125] 

[110] Selvapandiyan A, Dey R, Gannavaram S, Lakhal-Naouar 
I, Duncan R, Salotra P, et al. Immunity to visceral 
Leishmaniasis using genetically defined live- attenuated 
parasites. J Trop Med 2012; 2012: 631460. [Epub ahead 
of print] PMID: 21912560 

[111] Kedzierski L, Curtis JM, Doherty PC, Handman E, 

Kedzierska K. Decreased IL-10 and IL-13 production [126] 
and increased CD44hi T cell recruitment contribute to 
Leishmania major immunity induced by non-persistent 
parasites. Eur J Immunol 2008; 38: 3090-100. 

[112] Carrion J, Folgueira C, Soto M, Fresno M, Requena, JM. 

Leishmania infantum HSP70-II null mutant as candidate [127] 
vaccine against leishmaniasis: a preliminary evaluation. 
Parasit Vect 2011; 4: 150-9. 

[113] Palatnik-de-Sousa C. Vaccines for leishmaniasis in the 
fore coming 25 years. Vaccine 2008; 26: 1709-24. 

[114] Dumas C, Muyombwe A, Roy G, Matte C, Ouellette M, [128] 



Olivier M, et al. Recombinant Leishmania major secret- 
ing biologically active granulocyte-macrophage colony- 
stimulating factor survives poorly in macrophages in 
vitro and delays disease development in mice. Am Soc 
Microbiol 2003; 71: 6499-509. 

Fishbein DB, Robinson LE. Rabies. New Engl J Med 
1993; 329: 1632-8. 

Sauret JM, Vilissova N. Human brucellosis. J Am Board 
Fam Pract 2002; 15: 401-6. 

Biglino A, Bolla C, Concialdi E, Trisciuoglio A, Ro- 
mano A, Ferroglio E. Asymptomatic Leishmania infan- 
tum infection in an area of northwestern Italy (Piedmont 
region) where such infections are traditionally nonen- 
demic. J Clin Microbiol 2010; 48: 131-6. 
Schantz PM, Steurer FJ, Duprey ZH, Kurpel KP, Barr 
SC, Jackson JE, et al. Autochthonous visceral leishma- 
niasis in dogs in North America. J Am Vet Med Assoc 
2005; 226: 1316-22. 

Ready PD. Leishmaniasis emergence in Europe. Euro 
Surveillance 2010; 15: 19505. 

Baneth G, Shaw SE. Chemotherapy of canine leishmani- 
osis. Vet Parasitol 2002; 106: 315-24. 
Palatnik-de-Sousa CB, dos Santos WR, Franc JC, a-Silva, 
da Casta RT, Reis AB, et al. Impact of canine control on 
the epidemiology of canine and human visceral leishma- 
niasis in Brazil. Am J Trop Med Hyg 2001; 65: 510-7. 
Reithinger R, Coleman PG, Alexander B, Vieira EP, 
Assis G, Davies CR. Are insecticide-impregnated dog 
collars a feasible alternative to dog culling as a strategy 
for controlling canine visceral leishmaniasis in Brazil? 
Intern J Parasitol 2004; 34: 55-62. 
Courtenay O, Quinnell RJ, Garcez LM, Shaw JJ, Dye C. 
Infectiousness in a cohort of Brazilian dogs: why culling 
fails to control visceral leishmaniasis in areas of high 
transmission. J Infect Dis 2002; 186: 1314-20. 
Boggiatto PM, Ramer-Tait AE, Metz K, Kramer EE, 
Gibson-Corley K, Mullin K, et al. Immunologic indica- 
tors of clinical progression during canine Leishmania 
infantum infection. CI Vac Immunol 2010; 17: 267-73. 
Poot J, Janssen LHM, van Kasteren-Westerneng TJ, van 
der Heijden-Liefkens KHA, Schijns VEJC, Heckeroth A. 
Vaccination of dogs with six different candidate leish- 
maniasis vaccines composed of a chimerical recom- 
binant protein containing ribosomal and histone protein 
epitopes in combination with different adjuvants. Vac- 
cine 2009; 27: 4439-46. 

Bahia D, Gontijo NF, Leon IR, Perales J, Pereira MH, 
Oliveira G, et al. Antibodies from dogs with canine vis- 
ceral leishmaniasis recognise two proteins from the sa- 
liva of Lutzomyia longipalpis. Parasitol Res 2007; 100: 
449-54. 

Giunchetti RC, Correa-Oliveira R, Martins-Filho OA, 
Teixeira-Carvalho A, Roatt BM, de Oliveira Aguiar- 
Soares RD, et al. A killed Leishmania vaccine with sand 
fly saliva extract and saponin adjuvant displays immu- 
nogenicity in dogs. Vaccine 2008; 26: 623-38. 
Gomes R, Teixeira C, Teixeira MJ, Oliveira F, Menezes 



102 



Mutiso JM et al. The Journal of Biomedical Research, 2013, 27 



MJ, Silva C, et al. Immunity to a salivary protein of a 
sand fly vector protects against the fatal outcome of vis- 
ceral leishmaniasis in a hamster model. Proc Nat Ac Sc [135] 
USA 2008; 105: 7845-50. 

[129] Collin N, Gomes R, Teixeira C, Cheng L, Laughing- 
house A, Ward JM, et al. Sand fly salivary proteins 
induce strong cellular immunity in a natural reservoir 
of visceral leishmaniasis with adverse consequences for [136] 
Leishmanial PLoS Pathogens 2009; 5: el000441. 

[130] Dantas-Torres F. Leishmune vaccine: the newest tool for 
prevention and control of canine visceral leishmaniosis 
and its potential as a transmission-blocking vaccine. Vet 
Parasitol 2006; 141: 1-8. [137] 

[131] da Silva VO, Borja-Cabrera GP, Correia Pontes NN, de 
Souza EP, Luz KG, Palatnik M, et al. A phase III trial of 
efficacy of the FML-vaccine against canine kala-azar in 
an endemic area of Brazil (Sao Goncalo do Amaranto, 
RN). Vaccine 2000; 19: 1082-92. [138] 

[132] Nogueira FS, Moreira MA, Borja-Cabrera GP, Santos 
FN, Menz I, Parra LE, et al. Leishmune vaccine blocks 
the transmission of canine visceral leishmaniasis: ab- 
sence of Leishmania parasites in blood, skin and lymph 
nodes of vaccinated exposed dogs," Vaccine 2005; 23: 
4805-10. [139] 

[133] Saraiva EM, de Figueiredo Barbosa A, Santos FN, 
Borja-Cabrera GP, Nico D, Souza LOP, et al. The FML- 
vaccine (Leishmune) against canine visceral leishma- 
niasis: a transmission blocking vaccine. Vaccine 2006; [140] 
24: 2423-31. 

[134] Borja-Cabrera GP, Cruz Mendes A, Paraguai de Souza 
E, Hashimoto Okada LY, de A Trivellato FA, Kawasaki 
JK, et al. Paraguai de Souza et al. Effective immuno- 



therapy against canine visceral leishmaniasis with the 
FML-vaccine. Vaccine 2004; 22: 2234-43. 
Borja-Cabrera GP, Santos FN, Santos FB, de Trivellato 
FAA, Kawasaki JKA, Costa AC, et al. Immunotherapy 
with the saponin enriched-Leishmune vaccine versus 
immunochemotherapy in dogs with natural canine vis- 
ceral leishmaniasis. Vaccine 2010; 28: 597-603. 
Palatnik-de-Sousa CB, Silva- Antunes I, Ade AM, Menz 
I, Palatnik M, Lavor C. Decrease of the incidence of 
human and canine visceral leishmaniasis after dog vac- 
cination with Leishmune in Brazilian endemic areas. 
Vaccine 2009; 27: 3505-12. 

Fernandes AP, Costa MM, Coelho EA, Michalick MS, 
de Freitas E, Melo MN, et al. Protective immunity 
against challenge with Leishmania (Leishmania) chagasi 
in beagle dogs vaccinated with recombinant A2 protein. 
Vaccine 2008; 26: 5888-95. 

Resende DM, Caetano BC, Dutra MS, Penido ML, 
Abrantes CF, Verly RM, et al. Epitope mapping and 
protective immunity elicited by adenovirus expressing 
the Leishmania amastigote specific A2 antigen: correla- 
tion with IFN-y and cytolytic activity by CD8+ T cells," 
Vaccine 2008; 26: 4585-93. 

Trigo J, Abbehusen M, Netto EM, Nakatani M, Pedral- 
Sampaio G, de Jesus RS, et al. Treatment of canine 
visceral leishmaniasis by the vaccine Leish-lllf +MPL- 
SE. Vaccine 2010; 28: 3333-40. 

Daneshvar H, Molaei MM, Kamiabi H, Burchmore R, 
Hagan P, Phillips RS. Gentamicin-attenuated Leishma- 
nia infantum: cellular immunity production and protec- 
tion of dogs against experimental canine leishmaniasis. 
Parasit Immunol 2010; 32: 722-30. 



